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Project: Small Compiler in C

Synopsis:

This is an assignment from a compiler course. The input language is rather simple and
looks somewhat like pascal without a few features such as arrays and subroutines.
The output language is for a stack machine where the operands for an operation are
found on the top of a stack.

Details:
Tokens are recognized by a flex generated lexer. A syntax tree is built by a recursive
descent parser written in C. The output code is generated by a recursive function

which traverses the syntax tree and outputs instructions necessary to place operands on
the stack machine's stack and then applies the required instruction.

Attached Files:

__ README__.txt Contains info about the project and files.

AS1.SPECS Copy of the assignment.

AS1.GRAMMAR Updated (non left-recursive) grammar .

makefile Typical makefile.

asllex.| The lexer and main() routine.

asltokens.h Defines the token types used by the lexer and parser.
aslglobals.h Info used by more than one file.

asltree.h Defines node types and tree functions.

asltree.c Functions that deal with building and traversing the tree.

aslparse.c Performs the parsing and syntax tree construction.
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CPSC 411 ASSI GNVENT # 1

W nter 2001

Lec ??

Lab 02

Student: Chad C. D. Cark < chad.clark @alumi . ucalgary . ca >

Date: Jan 28, 2002

Synopsis: A minusculus conpiler witten in pure C that generates stack
machi ne code as defined in file AS1l. SPECS

NOTE: | did use the OLD_ granmar. Though the rules do get nmanipulated a
bit. Refer to source code comrents for term expr and, stntlist.

I nput: Reads m nuscul us source code from STDI N
Qutput: Wites stack machine target code to STDOUT.
Errors (including warnings) are reported to STDERR

Files:
README - contains info about this project and tarball
AS1. SPECS - copy of the assignment in text format.
AS1. GRAMMAR - new granmar (non | eft-recursive).
asllex.l - the I exer and main() routine.
aslparse.c - perforns the parsing and syntax tree construction
asltree.c - function that deal with building the tree and traversing.
aslglobals.h - info used by nore than one file.
asltokens.h - defines the token types used by the | exer and parser
asltree.h - defines node types and tree functions.
makefile - pretty standard makefile.
tests/ - directory with many test files.
tests/do-tests - script to run the tests found in tests directory.

Conpi |i ng:
Just use the command " nake"
"make clean" deletes lex.yy.c, *.0 and a.out
"make stats" counts source file |ines.

Requires flex and gcc
- Devel oped with:

- flex 2.5.4

- egcs 2.91.66

- gdb 4.18

Postmortum (Mstly for ny benifit but | wanted to keep this next to the code.)

Thi ngs that went well:
- Witing the tree pointer code. Only one null pointer error

It was due to not checking for NULL and not having an END_NCDE
- Witing the lexer. LEX rocks!

Thi ngs that went not so well:

- CGetting the shape of the tree stucture down in ny mind. | was
starting to get two disjoint nodels (parse code and node buil ding
code) then | sat down, drew pictures and, traced out tree traversals
untill | had a nodel. Then witing down a record of the nodel for
reference

- Realizing Cunlike C++ requires 'struct’ before every declaration.

Thi ngs that were usefull:

- Drawing pictures (trees in particular).

- Witing down plans, decisions and nodels for reference in other
parts of the program

- Witing code on paper before typing it up

- GDB and the GDB book by Stall man and Pesch

2
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- syntax highlighting & 60 row consol e node

Things | would like to do differently on future projects:

- Sit down and plan out the structure of the programbefore witing
code.

- Document ny data structures before using them |It’s easier than
searching with grep and opening up an editor.

Things | | earned:
- Anice (ie non left recursive grammar) is very usefull.
- Foll ow sets can make parsing nmuch easier.

Things | want to |earn:
- Howto let flex let ne define main() outside of the .1 file.
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CPSC 411 Conpil er construction |
Aut hor: Robi n Cockett
Date: 9 Jan. 2002

Assi gnment #1: Conpiler for Mnusculus (see link for grammar with |eft
recursions renoved)
Due date: 29th Jan 2002 (nodified from28 January 2002 to equalize |abs.)

| mpl enent a conpiler to "stack machi ne code" (described below) for the

| anguage M nuscul us whose syntax is defined by the grammar bel ow

In this assignment you may use LEX (in fact you MJST use LEX) but please
wite a recursive descent parser (i.e. you cannot use YACC yet!). It is
inmportant to attend the labs as they will be discussing this assignnent

and will also introduce LEX

M ni scul us granmar :

prog -> stnt.
stnt -> I F expr THEN stm ELSE stnt
| WHI LE expr DO stm
| DO stmt UNTIL expr | READ ID
| 1D ASSI GN expr
| PRINT expr
| BEA N stntlist END.
stntlist -> stntlist stnm SEM COLON
| .

expr -> expr addop term

| term
addop -> ADD

| SUB.
term-> termnul op factor

| factor.
mul op -> MJL

| DV
factor -> LPAR expr RPAR

| ID

NUM
| SUB NUM

This grammar has left recursive nonternmnals. The grammar with the |eft
recursions renoved autonatically is here . Notice this file calcul ates
the first sets and follow sets of the above grammar and then transforns
the grammar and i ntroduces new nontermnals in this process.

VWere the tokens above stand for:

"ift == IF

"t hen" => THEN

"while" => WH LE

"do" => DO

"until" => UNTIL

"read" => READ

"el se" => ELSE

"begi n"" => BEA N

"end" => END

"print" => PRINT

{al pha}[{digit}{al pha}]* => ID (identifier)
{digit}+ => NUM (positive integer)

"4 => ADD
"-" => SUB
"nen :> WL

"I" => DV



AS1. SPECS
"(" => LPAR
")" => RPAR
";"=> SEM COLON

M ni scul us conments:
M nuscul us has two types of coments:

* multi-line conments: /* coment */
* and one |ine comments: % comment
EXAMPLES:

M nsi cul us program
Here is an exanple program

/* This program cal cul ates the factorial of the nunmber input */
begin % i nput a nunber

read x;

yi= 1;
while x do
begi n

y:
X

I
<
*

Code generati on:
Typi cal m nuscul us progranms fragnents are:

begi n
y: = 23;
x: 13 + v;
print x;
end
begi n
if y then x:= 10
el se x:= 1;
z:=2z * X
end

(where we assune here that the variables x, y, and z nust have been
initialized earlier: Note that for conditionals and while statenents zero
is false anything else is true). These fragnents are translated into a
stack nachi ne code:

cPUSH 23
LOAD y
cPUSH 13
r PUSH y
oP2 +
LOAD x

r PUSH x
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PRI NT
r PUSH vy
cJuw L1
cPUSH 10
LOAD x
JUW L2
L1:
cPUSH 1
LOAD x
L2:
r PUSH z
r PUSH x
oP2 *
LOAD z
wher e
* cPUSH k --- push constant k onto stack
* rPUSH r --- push contents of register r onto stack
* SPUSH --- replaces the top elenent of the stack by the elenent it
i ndexes in the stack
LOAD r --- pop the top of the stack and put the value in register r
* OPn?? --- performthe operation on the top n values of the stack
replacing them by the result
* ¢JUWP L --- conditional goto L (a |label) pops top of stack and if it
is zero (false) it junps to | abe
* JUW L --- unconditional junp to |abe
* PRINT --- pops and prints the top el ement of the stack
READ r --- reads a value into register r (actually it reads a line
and uses the first value on the line ...)
Here is an inplenentation of this stack machine in the shell: source

this then source the file your M nuscul us conpiler produces!

# ... aliases for Robin' s stack nmachi ne.
# This file should be "sourced" prior to executing
# stack machine files.

set stack = ""

alias cPUSH "set stack = (\!:1 $stack)’

alias rPUSH "set stack = ($\!:1 $stack)

ali as sPUSH "@stack[1] = $stack[1l] + 1 ; set stack[1l] =
$st ack[ $stack[1]]’

alias LOAD "eval "set \!:1 = \$stack[1l] ; shift stack"’
alias OP2 "eval "@stack[2] = \$stack[2] \!:1
\$stack[1]"; shift stack’

alias cJUWP "set tos = $stack[1l]; shift stack; if ($tos ==
0) goto \!: 1’

alias JUW got o

alias PRINT "echo $stack[1]; shift stack

al i as READ "eval "set \!:1 = $< "’




AS1. CRAMVAR

Context Free Grammar Vital Statistics Checker (version 0.00)

---- Please report bugs and problens to robi n@psc

Your grammar is:

prog -> stnt.

stnt -> |F expr THEN stnt ELSE stmt
| WHI LE expr DO stm
| DO stmt UNTIL expr
| READ ID
| I'D ASSI GN expr
| PRINT expr
| BEA N stntlist END.

stmlist -> stntlist stm SEM COLON
| .

expr -> expr addop term
| term

addop -> ADD
| SUB.

term-> termnulop factor
| factor.

mulop -> ML
| DV

factor -> LPAR expr RPAR
| ID

| NUM
| SUB NUM

All nonterminals are reachabl e and reali zabl e.

The nul | abl e nonterninals are:
stntlist.

The endabl e nonterm nal s are:
factor termexpr prog stnt.

The following nonternminals are |left recursive:
stntlist expr term

The grammar is not LL(1).

The first sets are:

stm ====>{ |F WHILE DO READ I D PRI NT BEG N }
addop ====> { ADD SUB }

mulop ====>{ MJL DIV }

factor ====> { LPAR I D NUM SUB }

prog ====> { |F WHI LE DO READ | D PRI NT BEG N }
stntlist ====> { |IF WH LE DO READ I D PRI NT BEQ N }

term====> { LPAR | D NUM SUB }

Page 1 of 3



AS1. GRAMVAR
expr ====> { LPAR | D NUM SUB }

The follow sets are:

nmul op ====> { LPAR I D NUM SUB }

factor ====> { MJL DV ELSE UNTIL SEM COLON THEN DO ADD SUB RPAR }
addop ====> { LPAR I D NUM SUB }

term====>{ MJL DIV ELSE UNTIL SEM COLON THEN DO ADD SUB RPAR }
stmlist ====> { END |F WHI LE DO READ I D PRI NT BEG N }

expr ====> { ELSE UNTIL SEM COLON THEN DO ADD SUB RPAR }

stm ====> { ELSE UNTIL SEM COLON }

TRANSFORM NG THE GRAMVAR
to renove | eft recursion.

Your grammar is:

prog -> stnt.

stm -> |F expr THEN stnt ELSE stnt
| WHI LE expr DO stm
| DO stmt UNTIL expr
| READ ID
| 1D ASSI GN expr
| PRINT expr
| BEA N stntlist END.

stntlist -> stmtlist+.

stntlist+ -> stm SEM COLON stntlist+
| .

expr -> term expr+.

expr+ -> addop term expr+

addop -> ADD
| SUB.

term-> factor termt.

term- -> nulop factor termt-

mulop -> ML
| DV

factor -> LPAR expr RPAR
| ID
| NUM
| SuUB NUM

All nonterm nals are reachable and realizabl e.
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The nul | abl e nonterm nal s are:

stmlist+ expr+ term+ stntlist.

The endabl e nonterm nal s are:

term- factor expr+ term expr prog stnt.

The grammar has no |l eft recursive nonterm nals.

The grammar is LL(1).

The first sets are:

stm ====>{ |F WH LE DO READ I D PRI NT BEG N }
addop ====> { ADD SUB }

mulop ====>{ MJL DV }

factor ====> { LPAR | D NUM SUB }

prog ====> { |F WHI LE DO READ I D PRI NT BEG N }
stmtlist+ ====>{ |IF WHILE DO READ I D PRI NT BEG N }
expr+ ====> { ADD SUB }

term====> { LPAR I D NUM SUB }

termt ====> { MJL DIV }

stmlist ====>{ |IF WH LE DO READ I D PRI NT BEG N }
expr ====> { LPAR I D NUM SUB }

The foll ow sets are:

mul op ====> { LPAR I D NUM SUB }

term- ====> { ADD SUB ELSE UNTIL SEM COLON THEN DO RPAR }

factor ====> { MJL DIV ADD SUB ELSE UNTIL SEM COLON THEN DO RPAR }
addop ====> { LPAR I D NUM SUB }

expr+ ====> { ELSE UNTIL SEM COLON THEN DO RPAR }

term====> { ADD SUB ELSE UNTIL SEM COLON THEN DO RPAR }

stntlist ====> { END }

stntlist+ ====>{ END }

expr ====> { ELSE UNTIL SEM COLON THEN DO RPAR }

stm ====> { ELSE UNTIL SEM CCLON }
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a.out: | ex.yy.c aslpars.o asltree.o
gcc lex.yy.c -1l aslpars.o asltree.o -g
lex.yy.c: asll ex. |

flex asllex.|

aslpars.o: aslpars.c aslgl obals. h asltokens.h
gcc -g -c aslpars.c -0 aslpars.o

asltree.o: asltree.h asltree.c
gcc -g -c asltree.c -0 asltree.o

clean:
rm-rf lex.yy.c *.0 a.out

stats:
make cl ean;
cat *.[lhc] | w



asll ex. |

%
/* chad ¢ d clark

lec ??
lab 02

cpsc 411
wi nter 2002

assi gnnent #1 -

file: asllex.|

pur pose:

assuntions:
- all

L T I S R T B B S R

/

#i ncl ude "asltokens. h"
#i ncl ude "aslgl obal s. h"
#i ncl ude "asltree. h"

< chad. clark @ al umi

a first stab

a basic | exer

keywords are | owercase
- identifiers are case sensitive,

and consi st of al phabetic and nunmeric characters.
- whitespace is to be ignored.

{ BEG N COMMVENT; }

{BEG N 0;}

{ /* multiline comrent
{ /* multiline comrent

%

I F i

THEN "t hen"

VWH LE "whil e"

DO "do"

UNTI L "until"

READ "read"

ELSE "el se"

BEG N "begi n"

END "end"

PRI NT "print"

ID [a-zA-Z][0-9a- zA-Z] *
NUM [0-9] +

ADD "

SUB o

MUL ma

DV e

LPAR ("

RPAR "y

SEM COLON e
ASSIGN " ="

MULTI START Y
MULTI END N
%% COMVENT

%%

{ MULTI START}
<COMVENT>{ MULTI END}
<COMVENT>\ n
<COMVIVENT>.

"06.*\n

{ I* single |ine comment

*/ )

[ ] { I'* whitespace */ }
\ 't { I'* whitespace */ }

ucal gary .

(syntax oriented,

*/ }
*/ }

ca

not

>

start with an al phabetic character

line oriented.)

Page 1 of
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asll ex. |

\n { I'* whitespace */ }
{IF} { return (T_IF); }
{THEN} { return (T_THEN); }
{WH LE} { return (T_VWH LE); }
{ DG} { return (T_DO; }
{UNTIL} { return (T_UNTIL); }
{READ} { return (T_READ); }
{ELSE} { return (T_ELSE); }
{BEG N} { return (T_BEGN); }
{ END} { return (T_END); }
{PRINT} { return (T_PRINT); }
{1 D} { return (T_ID; }

{ NUM { return (T_NUM; }

{ ADD} { return (T_ADD); }

{ SUB} { return (T_SUB); }

{ ML} { return (T_MJL); }
{Dl V} { return (T_DV); }
{LPAR} { return (T_LPAR); }
{RPAR} { return (T_RPAR); }
{ SEM COLON} { return (T_SEM COLON); }
{ ASSI G\} { return (T_ASSIGN); }
. { return (T_ERROR); }
9

struct stree_node * prog(void);

i nt

mai n(int argc, char **argv) {

struct stree_node *STree

if(!FINAL) printf("\n");

curr_token = yylex();

STree = prog():

i f (PRI NT_STREE)

{

= NULL;

/* see aslglobals.h */

printf("\nSyntax Tree:\n");
print_stree(STree, 0);

—

*

el se

L B

~

printf("\n\nSeaching for PRINT_NCDE's ... ");
if (find_node(PRI NT_NODE, STree))
printf("success!\n");

printf("failed!'\n");

i f(!'FINAL) printf("\nGenerated Code:\n");

gen_code( STree);

del ete_stree(STree);

if(!FINAL) printf("\n");

return(0);
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aslt okens. h

/*chad c d clark < chad.clark @ alumni . ucalgary . ca >

*

*cpsc 411 lec ??

* winter 2002 lab 02

*

* assignment #1 - a first stab.
*

* file: as1ltokens.h

* purpose: token defines for lexing and parsing.
*

*

*

#define
#define
#define
#define
#defi ne
#def i ne
#def i ne
#define
#define
#define
#define
#define
#def i ne
#def i ne
#define
#define
#define
#define
#define
#def i ne
#def i ne

T IF
T_THEN
T _ELSE
T_WHILE
T_DO
T_UNTI L
T_READ
T_PRINT
T_BEGIN
T_END

T ID
T_NUM
T_ADD
T_SUB
T_MUL

T DIV
T_LPAR
T_RPAR

T_SEMICOLON

240
241
242
230
231
232
220
221
210
211
200
201
190
191
192
193
180
181

T_ASSI GN

T_ERROR

255

Page 1 of 1



aslgl obal s. h Page 1 of 1

/*chad c d clark < chad.clark @ alumni . ucalgary . ca >
*

*cpsc 411 lec ??

* winter 2002 lab 02

*

* assignment #1 - a first stab.
*

* file: aslglobals.h
* purpose: defines the global variables to be used.
*

*

*/

/* this holds the type of token we are currently looking at
* (ie dealing with).

*/
int curr_token = -1;

/* this is used for the labels in the code generation stage. */
int |abel _counter = 1,

/* set PRINT_STREE to 1 to have main print out the tree

* set PRINT_STREE to 0 to have main not print out the tree
*

*

#define PRINT_STREE O

/* set FINAL to 1 to turn off sone usefull printf()'s that we don’'t
* want to see in the final output of this project.

* set it to zero otherwi ze (when devel opi ng).

*

*/

#define FINAL 1



asltree

/* chad ¢

*

.h

d clark < chad.clark @ alumni . ucalgary . ca >

*cpsc 411 lec ??
* winter 2002 lab 02

*

* assignment #1 - a first stab.
*

* file: asltree.h
* purpose: defines the tree structures to be used in the syntax tree.
*

*

*/

#define
#define
#define
#define
#defi ne
#defi ne
#def i ne
#define
#define
#define
#define
#define
#def i ne
#def i ne

struct

/* func

struct

struct

struct

struct

IF_NODE 501
WHILE_NODE 502
DO_NODE 503
ASSIGN_NODE 504
READ_NODE 505
PRI NT_NODE 506
BEGIN_NODE 507
STMTLIST_NODE 508
ADD_NODE 509
SUB_NODE 510
MUL_NODE 511
DI V._NODE 512
| D_NODE 513
NUM_NODE 514

stree_node {

/* type of node this is */
int type;

/* the next argument for a parent node */
struct stree_node * sibling;

/* the sub-tree link */

struct stree_node * child;

/* numeric value of this node */

int nunval ;

/* string value of this node (used for identifier names) */
char * idval;

thﬂS for Stm -> rul es *************************/

stree_node * nakel Fnode(struct stree_node *if_expr,
struct stree_node *true_stnt,
struct stree_node *false_stn);

stree_node * makeWHILEnode( struct stree_node *whil e_expr,

struct stree_node *do_stnt);

stree_node * makeDOnodg( struct stree_node *do_stnt,
struct stree_node *whil e_expr);

stree_node * nmakeASSI GNnode(struct stree_node *id_node,

Page 1 of 2



asltree.h
struct stree_node *an_expr);

struct  stree_node *makeREADnodg struct stree_node *id_node);

struct stree_node *makePRINTnode(struct stree_node *an_expr);

struct  stree_node *makeBEGINnode(struct stree_node *slist);

/* functlons for StrTT|ISt -> rul es **************************/

struct stree_node *nakeSTMILI STnode(struct stree_node *a_stnt,
struct stree_node *a_stntlist);

/* fu nctlons for expr_> rules **************************/

struct stree_node *makeADDnodg struct stree _node *a_ term
struct stree_node * right _term;

struct  stree_node *makeSUBnode(struct stree_node *a_term
struct stree_node * right_term;

/* functlons for term > rules **************************/

struct stree_node *nakeMJLnode(struct stree_node *a_factor,

struct stree_node * right_factor);

struct stree_node *makeDIVnode (struct stree_node *a_factor,
struct stree_node * right_factor);

/* functlons for factor > I'Ules **************************/

struct  stree_node *makelDnode (char *ident);
struct stree_node *makeNUMnodg char *numn;
/* function to print out the syntax tree ******xkkxdkkkkxkkxsx]/

void print_stree(struct stree_node *node, int spaces);

* function to find a type of node in the tree ****xxkkikikx]
int find_node (int type, struct stree_node *node);

/* function to recursivly delete a tree *****xrxtkkkkitikikk|
void delete_stree  (struct stree_node *node);

Page 2 of
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asltree.c Page 1 of
/* chad ¢ d clark < chad.clark @alumi . ucalgary . ca >

*

* cpsc 411 lec ??

* winter 2002 1ab 02

*

* assignnent #1 - a first stab.

*

* file: asltree.c

* purpose: contains the functions that operate on the tree structures to be
* used in the syntax tree.

*

*

*/

#i ncl ude "asltree.h" /* holds the struct stree_node */

#include  <stdlib.h> /* for malloc() */

#include  <stdio.h> [* for printf(), stderr */

/* we use this to number the labels generated in our target code. */
extern int |abel counter;

/* functlons for Stm -> rul es *************************/

/* makel FNODE() builds a tree segment for an IF statement of the form

* | F expr THEN true_stmt ELSE false_stm
*

* the final stucture is:

*

* | F

* |

* expr - true_stm - false_stm

*

*/

struct stree_node * makel Fnode(struct stree_node *if_expr,
struct stree_node *true_stnt,
struct stree_node *fal se_stnt) {

struct stree_node *new,
new = (struct stree_node *) nuall oc(sizeof (struct stree_node));

new >t ype = | F_NODE;
new >nunval = 0;
new >i dval = NULL;
new >si bl i ng = NULL;

new >child = if_expr;
i f_expr->sibling = true_stnt;
true_stm->sibling = fal se_stnt;

return (new ;

} /* makelFnode() */

/* makeWHILEnode() builds a tree segement for a WHILE statment of the form:
*  WHILE expr DO stmt

*

* the final stucture looks like:
*

15



asltree.c

*
*
*
*

*/
struct stree_node * makeWHILEnode( struct

WHI LE

|
expr - stnt

struct stree_node *do_stm) {
struct  stree_node *new;
new = (struct stree_node *) nmall oc(sizeof (struct
new >t ype = VWH LE_NODE;
new >nunval = 0;
new >i dval = NULL;
new >si bl i ng = NULL;

new >child = whil e_expr;
whi |l e_expr->sibling = do_stnt;

return (new;

/* makeWHILEnode */

/* makeDOnode() builds a tree segment for a DO statement of the form:

*

*

DO stmt UNTIL expr

* the final structure looks like:

*

* ok X *

*/
struct

stmt - expr

stree_node *whil e_expr,

stree_node));

stree_node * makeDOnode(struct stree_node *do_stnt,

struct stree_node *while_expr) {
struct stree_node *new;
new = (struct stree_node *) mall oc(sizeof (struct
new >t ype = DO_NODE;
new >nunmval = 0;
new >i dval = NULL;
new >si bl i ng = NULL;

new >child = do_stnt;
do_stnt->sibling = whil e_expr;

return (new;

/* makeDOnode */

stree_node));

/* makeASSIGNnode() builds a tree segment for an ASSING statement of the form:

*

*

ID ASSIGN expr

* the final stucture build looks like:

*

*
*
*
*

ASSIGN

- expr

Page 2 of 15



asltree.c

*/

struct

stree_node * nmakeASSI GNnode(struct stree_node *id_node,
struct stree_node *an_expr) {

struct stree_node *new;

new = (struct stree_node *) nall oc(sizeof (struct stree_node));
new >t ype = ASSI GN_NODE;

new >nunval = O;

new >j dval NULL;

new >si bl i ng = NULL;

new >child = id_node;
i d_node->sibling = an_expr;

return (new;

/* makeASSIGNnode() */

/* makeREADnNode() builds a tree segment for a READ statement of the form:

*

*

READ ID

* the structure build looks like:

*
*
*
*
*

*/

struct

/

*
*
*
*
*
*
*
*

*
*/
struct

READ

stree_node *makeREADnodg struct stree_node *id_node) {
struct  stree_node *read;
read = (struct stree_node *) malloc(sizeof (struct stree_node));
read- >t ype = READ_ NODE;
read- >nunval = 0;
read->i dval = NULL;
read- >si bling = NULL;
read->child = id_node;

return(read);

/* makeREADnode() */

makePRI NTnode() builds a tree segnent for a statenent of the form

PRI NT expr
the returned segnent has the structure:
PRI NT
|
expr
stree_node *makePRINTnode(struct stree_node *an_expr) {

struct stree_node *print;

print = (struct stree_node *) mall oc(sizeof (struct stree_node));
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print->type = PRI NT_NODE;
print->nunmval = 0;
print->idval = 0;
print->sibling = NULL;
print->child = an_expr;

return(print);

} /* makePRI NTnode() */
/* nmakeBEG Nnode() builds a tree segemmt for a statenent of the form
* BEA N stntlist END
*
* the built and returned segenent has the sturcture:
*
* BEA N
* |
* st i st

*
*/
struct stree_node *nakeBEG Nnode(struct stree_node *slist) ({

struct stree_node *new,
new = (struct stree_node *) nuall oc(sizeof (struct stree_node));
new >t ype = BEGQ N_NODE;
new >nunval = 0;
new >i dval = NULL;
new >si bl i ng = NULL;
new >child = slist;

return (new);

} /* makeBEGINnode */

[* functions for stmitlist -> rules ******xkkkikikkttrtes|

/* makeSTMTLISTnode() builds a tree segment for a statemnt of the form:
*  stmt stmtlist

*
:the returned structure looks like:
: STMTLIST

* s!tmt - stmtlist

§

struct stree_node *makeSTMILI STnode(struct stree_node *a_stnt,
struct stree_node *a_stntlist) ({

struct stree_node *new,

new = (struct stree_node *) nuall oc(sizeof (struct stree_node));
new >t ype = STMILI ST_NODE;

new >nunval = 0;

new >i dval = NULL;
new >si bl i ng = NULL;

new >chil d a_stnt;
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a stnt->sibling = a _stntlist;

return (new;

/* functions for expr-> rules ****xxxkkikkiikikkkikikk |

/* makeADDnode() builds a tree segment for a statement of the form:

*

*

term ADD right_term

* the segment has the form

*
*
*
*
*

*/

struct

term - right_term

stree_node *makeADDnodg(struct stree_node *a_ term

struct stree_node * right_term {
struct stree_node *add,
add = (struct stree_node *) mall oc(sizeof (struct stree_node));
add- >t ype = ADD_NODE;
add- >nunval = 0;
add- >i dval = NULL;
add- >si bl i ng = NULL;

add->child = a_term
a_term>sibling = right_term

return (add);

/* makeADDnode() */

/* makeSUBnode() builds a tree segment for a statement of the form:

*

*

term SUB right_term

* the segment has the form
*

*
*
*

*
*/

struct

term - right_term

stree_node *makeSUBnode(struct stree_node *a_term

struct stree_node * right_term {
struct stree_node *sub;
sub = (struct stree_node *) malloc(sizeof(struct stree_node));
sub- >t ype = SUB_NODE;
sub- >nunval = 0;
sub->i dval = NULL;
sub->si bling = NULL;

sub->child = a_term
a_term>sibling = right_term

return(sub);
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} /* makeSUBnode() */

/* fu nctlons for term -> rules **************************/

/* makeMULnode() builds a tree segment for a statement of the form:
*  factor MUL right_factor

*

* the segment has the form

*

MUL

factor - right_factor

* 0 X X

*/
struct stree_node *makeMULnodg struct stree _node *a_ factor,
struct stree_node * right factor) {

struct  stree_node *nul;

mul = (struct stree_node *) nalloc(sizeof(struct stree_node));

mul - >t ype = MJL_NODE;
mul - >nunval = O;

mul - >i dval = NULL;
mul - >si bl i ng = NULL;

nmul ->child = a_factor;
a factor->sibling = right _factor;

return(nmul);

} /* makeMJLnode() */

/
factor DIV right_factor

DIV
|

*

*

*

* the segnent has the form
*

*

*

* factor - right_factor

*

*/

struct stree_node *makeDIVnode (struct stree _node *a_ factor,
struct stree_node * right factor) {

struct  stree_node *div;

div = (struct stree_node *) mall oc(sizeof (struct stree_node));

di v->type = DI V_NODE;
di v->nunval = O;

di v->i dval = NULL;

di v->si bling = NULL;

div->child = a _factor;
a factor->sibling = right _factor;

return (div);

nmakeDl Vnode() builds a tree segnent for a statenent of the form

Page 6 of 15



asltree.c
} /* makeDl Vnhode() */

/* lenCtIOﬂS for factor -> rul es **************************/

/* makel Dnode() returns a node such that an identifier name is stored
* in the node’s 'char *idval’ nenber.

*

*/

struct  stree_node *makelDnode (char *ident) ({

struct stree_node *new,
new = (struct stree_node *) nuall oc(sizeof (struct stree_node));

new >t ype = | D_NODE;
new >nunval = O;
new >si bl i ng = NULL;
new >child = NULL;

new >i dval = (char *) malloc(strlen(ident)+1);
strcpy(new >i dval , ident);

return (new);

}

/* makeNUMnode() returns a node such that an integer (whose string value is
* represented by 'char *num’) is stored in the node's 'int numval' member.

*

* Negative numbers are allowed as atoi() is used. For more detailed info on

* acceptable string formats refer to the man page for atoi (section 3).

*

*/

struct stree_node *makeNUVhode(char *num) {

struct stree_node *new,
new = (struct stree_node *) nuall oc(sizeof (struct stree_node));

new >t ype = NUM_NODE;
new >i dval = NULL;
new >si bl i ng = NULL;
new >child = NULL;

new >nunmval = atoi (nunj;

return (new);

/* A function to print out the syntax tree for debugging.

*

* print_stree() is a recursive fuction that looks at the current node
* type and prints out the node type. the function then calls itself
* for each of it's children.

*

* terminal nodes print out the value's they store.

*

* also each call is made with an increasing value that is used to

* print out some preceding spaces to make the tree sort of readable.
* a program with a very deep tree won't look too nice but this works
* for testing.

*

*/
void print_stree (struct stree_node *node, int spaces) {
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int i = 0; /* for loop vbl */
/* print sone spaces to nmake our tree nice to | ook at and understand */
for (i =0; i < spaces; i++) {
printf("" );
}

/* the only time I've seen this NULL is at the end of a stmtlist.
* the real solution would be to add an END_NODE but this is quicker
* and also catches a rouge NULL pointer if it should pop up.
*
* This was FIXED - added a check to the STMTLIST case. Now this check
* should never find a NULL pointer. (So | think :)

*
if (!node) {
fprintf(stderr, "Warning: NULL pointer in syntax tree.\n" );
return ;
}

switch (node->type) {

/* for info on what each node looks like refer to comments found
* with the makeXXXXnode() functions in this file.
*/

case( | F_NODE):
printf("IF_NODE\n" );
print_stree(node->child, spaces+l);
print_stree(node->child->sibling, spaces+l);
print_stree(node->chil d->sibling->sibling, spaces+1);
break ;

case(VWH LE_NODE) :
printf ("WHILE_NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( DO_NODE) :
printf("DO NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( ASSI GN_NCDE) :
printf("ASSI GN_NODE\ n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( READ_NODE) :
printf("READ_NODE\n");
print_stree(node->child, spaces+1);
break ;

case( PRI NT_NODE) :
printf("PRINT_NODE\n");
print_stree(node->child, spaces+l);
break ;

case( BEG N_NODE) :
printf("BEGIN_NODE\n");
print_stree(node->child, spaces+1);
break ;
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case( STMILI ST_NODE)
printf("STMTLIST_NODE\n");
print_stree(node->child, spaces+1);
/* the end of a stmtlist is denoted by a NULL pointer */
i f (node->chil d->si bling)

print_stree(node->child->sibling, spaces+l);

br eak;

case( ADD_NODE) :
printf("ADD_NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
br eak;

case( SUB_NODE) :
printf("SUB_NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
break ;

case( MJL_NODE) :
printf("MUL_NODE\n");
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
break ;

case( DI V_NODE) :
printf ("DIV_NODE\n" );
print_stree(node->child, spaces+1);
print_stree(node->child->sibling, spaces+l);
break ;

case(| D_NODE) :
printf ("ID_NODE idval: %s\n" , node->idval);
break ;

case( NUM_NODE) :
printf("NUM_NODE numval: %d\n" , node->nunval);
break ;

default
printf("UNKNOAN NODE TYPE. Sorry dude. (\n");

} /* switch */
} /* print_stree() */

/* A debuggi ng function used to search for a particular type of node in

* the stree.

ar gs:

E I B R R T R

returns:
0 on failure.
1 on success.

the first argunent is the node type (see asltree.h)
the second argunent is the tree segnent to be searched.

also this fuction calls print_stree() when it finds a node of
the type searched for.
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int find_node (int type, struct stree_node *node) {

if (node->type == type) {
print_stree(node, 0);
return (1);

else {
/* the && 's are used to short circuit the call to find_node() */

if (node->sibling && find_node(type, node->sibling)) {
return(l);

}

i f (node->child & find_node(type, node->child)) {
return(l);

}

return (0);

/* function to recursivly delete a tree ****rrrrrtiiiiiiiiiik

*

* delete_stree() simply recurses throught the tree and deletes leaf nodes.
* pefore deleting a node we free 'char *idval' if need be.

*

*/

void delete_stree  (struct stree_node *node) ({

/* if we have dependants deal with them first */
if (node->sibling) del ete_stree(node->sibling);
if (node->child) delete_stree(node->child);

/* we should be able to nuke this node now that we've freed the

* dependants.
*

* first we clean up any info it may contain though.
*/
if (node->idval) free(node->idval);

free(node);

} /* delete_stree() */

function to generate the stack machi ne code ******x*xxkxx

gen_code() prints out the stack machi ne code to stdout that corrosponds
to the tree structure pointed to by the function’s only argunent.

this function is quite simmlar to print_stree(). all it does is |ooks
at the node passed to it to deternine what target code should be printed.

when code needs to be defined by a sub-tree the code is filled in by a
call to code_gen() with a pointer to the subtree as an argunent.

this nifty recusion works because the results of sub-trees are put on to
the stack and that code gets executed before we get back to the node that
made the recursive call. nore inportantly returnish |ike values get left
on the stack for the calling node to use after the sub-tree code is executed.

¥ %k 3k ¥k 3k X X 3k X Xk X X X

~

voi d gen_code(struct stree_node *node) {

/* node pointers used to keep track of nodes durring code generation */
struct stree_node *expr_node;
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struct stree_node *true_node;
struct stree_node *fal se_node;
struct stree_node *do_node;
struct stree_node *until _expr;
struct stree_node *id_node;
struct stree_node *val _node;
struct stree_node *a_node;
struct stree_node *a_term
struct stree_node *r_term
struct stree_node *a_factor;
struct stree_node *r_factor;

/* used to store variable label values durring generating of code with

* loops in it.

*

int false_ | abel;
int end_| abel ;
int start_| abel;

/* don't do much with NULL pointers */
if (!node) {

fprintf(stderr, "Warning: NULL pointer in syntax tree.\n"
return ;

}
switch (node->type) {

case( | F_NODE) :
/* Okay here is the plan:
* - evaluate the expresion
* - if false jump to false_stmt code
* - else fall through to true_stmt code
* - after the true_stmt code jump over the false_stmt code
* to the end_label
* - after the false_stmt code continue on to the end_label
*
*/
expr _node node- >chi | d;
true_node = expr_node->si bling;
fal se_node = true_node->si bl i ng;

fal se | abel = | abel counter++;
end_| abel = | abel counter++;

gen_code( expr _node) ;
printf("cJUMP L%\ n", false_|abel);

gen_code(true_node);
printf("JUWP L%\ n", end_| abel);

printf("L%l:\n", false_|label);
gen_code(fal se_node);

printf("L%:\n", end_| abel);
br eak;

case( VW LE_NODE) :
/* The plan is:
* - mark the begining of the expr (start_label)
* - evaluate the expr code
* - if the expression is 0 jump to the end_label
* - else fall through to the do_stmt code
* - generate the do_stmt code
* - jump back to the begining of expr (start_label)
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*
*
*
*

*

(to evalate and test it again)
- mark the end of the loop (end_label) so we can
continue on when expr evaluates to zero

expr _node = node->chil d;
do_node = expr_node->si bling;

start | abel = I abel counter++;
end_I| abel = [ abel _counter++;

printf("L%d\n" , start_| abel);
gen_code( expr _node) ;
printf("cJUMP L%d\n" , end_I abel);

gen_code(do_node) ;
printf("JUMP L%d\n" , start_|abel);

printf("L%d\n" , end_| abel);
break ;

case( DO_NODE) :

/* The plan is:

- mark the begining of the |oop (start_|abel)

- generate the | oop code (do_node)

- evaluate the condition (until _expr)

- if false junp to the end of do statenent

- condition is not zero so jump back to the
begi ngi ng (start_| abel)

can conti nue on when the condition is zero

/

L B A R I

do_node = node->chil d;
until _expr = do_node->sibling;

start | abel = |abel counter ++;
end_| abel = | abel counter++;

printf("L%:\n", start_|abel);
gen_code(do_node) ;

gen_code(until _expr);
printf("cJUMP L%\ n", end_ | abel);

printf("JUWP L%\ n", start_|abel);

printf("L%:\n", end_| abel);
br eak;

T B A T T R S B R N I A B

The real plan is:

- mark the begining of the |oop (start_|abel)
- generate the | oop code (do_node)

- evaluate the expresion (until _expr)

- if false junp to the top of the | oop

- otherwise fall through and conti nue on

* %k kX Sk X X F T~

do_node = node->chil d;
until _expr = do_node->sibling;

start | abel = I abel counter++;

printf("L%:\n", start_|abel);

- mark the end of the do statnment (end_|l abel) so we

Page 12 of
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gen_code(do_node) ;

gen_code(until _expr);
printf("cJUMP L%d\n" , start_| abel);

break ;

case( ASSI GN_NODE) :

/* Here we just:
* - evaluate the expresion
* - print code to load the variable (register) with
* the expresion's value.

*

*/
i d_node = node->child;
expr_node = id_node->sibling;
gen_code( expr _node) ;
printf ("LOAD %s\n" , id_node->idval);
break ;

case( READ_NODE) :

/* This is an easy step, just print code to read into a
* variable (register).
*

*/
i d_node = node->child;
printf("READ %s\n" , id_node->idval);
break ;

case( PRI NT_NODE) :
/* generate the code to eval uate an expresion.
* the expresion' s value gets left on the stack so
* just print code to print and pop it.
*
*/
val _node = node->chil d;
gen_code(val _node);
printf("PRI NT\n");
br eak;

case( BEG N_NODE) :
/* W don't need to worry about begin nodes too nuch.
* They just refer to a stntlist node so generate the

* code for the statenent I|ist.
*

*/
gen_code( node->chil d);
br eak;

case( STMILI ST_NODE) :

/* print the code for the current (ie. this) statement
* then print the code for the next statment in the list.
*

*/
a_node = node->chil d;
while (a_node) {
gen_code(a_node);
a_node = a_node->si bl i ng;
}

break ;

case( ADD_NODE) :
/* The order is important here.
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*
*
*
*
*
*

*

*

*

- generate the code for the _right_hand_term. It

S

evaluated value will end up on the stack.
- generate the code for the _left_ hand_ term. It's
evaluated value will end up on _top_ of the right

hand term.

- print the code to perform the addition of the two

terms.

node- >chi | d;
a_term>sibling;

a_term=
r term=
gen_code(r _term;
gen_code(a_term;

printf("OP2+\n" );
break ;

case( SUB_NODE) :
The order is inportant here.

/*

E I S B R R

generate the code for the right hand term It’'s
eval uated value will end up on the stack.

generate the code for the _left_hand_term It’'s
eval uated value will end up on _top_ of the right
hand term

print the code to performthe subtraction of the two
terms. The right hand termw |l be subtracted from
the left hand term

a_term = node->chil d;
r term= a_term>sibling;

gen_code(r _term;
gen_code(a_term;

printf("0OP2 -\n");
br eak;

case( MJL_NODE) :
The order is inportant here.

/*

* % Xk ¥ F F X F

generate the code for the _right_hand_ factor. It’s
eval uated value will end up on the stack.
generate the code for the left _hand_factor. It’'s

eval uated value will end up on _top_ of the right
hand factor.

print the code to performthe multiplication of the
two factors.

node- >chi |l d;
a_factor->sibling;

a factor =
r factor =
gen_code(r_factor);
gen_code(a_factor);

printf("0OP2 *\n");
break ;

case( DI V_NODE) :

/* The order is important here.

* - generate the code for the _right_hand_ factor. It's
* evaluated value will end up on the stack.

* - generate the code for the _left_hand_ factor. It's
* evaluated value will end up on _top_ of the right
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*

hand factor.

* - print the code to perform the division of the two
* factors. The right hand factor will be divided _into_

*
*
*

*/

the left hand term. (ie. the left factor will be
divided by the right).

node- >chi | d;
a_factor->sibling;

a _factor
r factor

gen_code(r _factor);
gen_code(a_factor);

printf("OP2An" );
break ;

case(| D_NODE) :
/* Here we print code to push the name of the variable

* (register) on to the stack. This means that it's
* value is used and makes our code generation easier.

*

* eg: print X; which looks like: PRINT

*

EEE

*
~

I
ID

develops like:

- gen_code(PRINT_NODE) calls gen_code(ID_NODE)
- gen_code(ID_NODE) prints "PUSH x\n"

- gen_code(PRINT_NODE) prints "PRINT\n"

printf ("rPUSH %s\n" , node->idval);
br eak;

case( NUM_NODE) :

/* This is quite simmilar to case(l D _NODE) just |ooked at.
* W& just put the numeric value on the stack so it can be
* used as like any val ue.

*

*/
printf("cPUSH %\ n", node->nunval);
br eak;

def aul t:
/* | don't think this this should come up but what the hey.

* |t's better to get a message when it errors then to not.

*/

}

fprintf(stderr, "Uh-oh! Bad node type: %d\n" ,
node- >t ype);
break ;

} /* gen_code() */
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/*chad c d clark < chad.clark @ alumni . ucalgary . ca >
*

*cpsc 411 lec ??

* winter 2002 lab 02

*

* assignment #1 - a first stab.
*

* file: aslpars.c
* purpose: a basic parser for minisculus.
*

*

*/

/* Set DEBUG to 1 for extra printf()'s
* Set DEBUG to O for fewer printf()'s
*

*/
#define DEBUG O

Page 1 of 10

[ * ## | ncl udes #HEH#HHBHHHBHHHBHHHBHHHBHHHBHHHBHHHBHHHBHHHBHHHBHHHBHHH A HES ¥

/* printf, etc */
#i ncl ude <stdio. h>

/* #defines for values of the tokens. */
#include "asltokens.h"

/* the tree stucture and functions */
#include  "asltree.h"

[* ## externals HHHHHHHHHHHHHH R A ]

/* the text of the current token */
extern char * yytext;

/* gets the next token */
extern int yylex(void);

/* the current token (as a type)

* see asltokens.h for the definitions
*/

extern int curr_token;

[* ## Function Prototypes #HHHHHHHHHHHHHHHHHHH HHEHH A Y]

/* The prog() function performs the recursion for the BNF rule:
*  prog -> stmt

*/

struct stree_node * prog ();

/* The stmt() function performs the recursion for the BNF rule:
*  stmt -> IF expr THEN stmt ELSE stmt

| WHILE expr DO stmt

| DO stmt UNTIL expr

| READ ID

| ID ASSIGN expr

| PRINT expr

* % X X F
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* | BEG N stntlist END
*/
struct stree_node * stnt();

/* The stmtlist() function perfornms the recursion for the BNF rule:
* stnmlist -> stntlist stnt SEM COLON

*

*/ |

struct stree_node * stmtlist ();

/* The expr() function performs the recursion for the BNF rule:
*  expr ->expr addop term

* | term

*

* This is done via an equivalent EBNF rule:

*  expr->term { addop term }

*/

struct stree_node * expr ();

/* The addop() function performs the recursion for the BNF rule:
*  addop -> ADD
* | SUB
*
* This ammounts to just checking for syntax errors and eating up a token.
*
/
struct stree_node * addop();

/* The term() function performs the recursion for the BNF rule:
*  term ->term mulop factor

* | factor

*

* This is done via an equivalent EBNF rule:

*  term -> factor { mulop factor }

*

struct stree_node * term();

/* The mul op() function perforns the recursion for the BNF rule:
* mul op -> MJL
* | DV

*

* This ammounts to just checking for syntax errors and eating up a token.

*/
struct stree_node * nul op();

/* The factor() function perforns the recursion for the BNF rule:

* factor -> LPAR expr RPAR
* | ID

* | NUM

* | SUB NUM

*/

struct stree_node * factor ();

[* ## FUNCUiONS H#HHHHHHHEHHEHHEHHEHHEH A ]

/* parse_error() wines to stderr and calls the parse process quits.

* this function gets called when the syntax read in seems to be wrong.
*

*/

void parse_error () {
fprintf(stderr, "nPARSE ERROR: tough luck :(" );
fprintf(stderr, "\n\tHint: %s\n" , yytext);

exit(-1);
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}

/* match_token() is an auxillary function that checks the current token
* against the function’s only argunent.

*

* |f they match the current token is advanced one token in the input.
* |f they don't match parse error() is called.

*

*/

void match_t oken(int token) {
i f (DEBUG printf("match_token trying for %d\n" , token);

if (token == curr_token)
curr_token = yylex();
else
parse_error();

/* prog() deals with the rule:
*  prog -> stmt
* by calling stmt() and returning the result of stmt() as the result of prog()

*/
struct stree_node * prog () {

struct stree_node *ret_tree;
if (DEBUG printf("prog(): token = %s\n" , yytext);

ret tree = stnt();

if (DEBUG printf(" -> end of prog()\n");
return(ret_tree);

/* stnt() deals with the rule:

* stm -> |F expr THEN stm ELSE stnt
| WHI LE expr DO stm

| DO stmt UNTIL expr

| READ ID

| 1D ASSI GN expr

| PRINT expr

| BEG N stntlist END

by examining the first token and then calling other rule' s functions
depending on the first token. Finally a node in the syntax tree is
made and returned as the recursion unw nds.

* % Xk kX F X X F

*

*/
struct stree_node * stnt() {

/* variables used for storage of arguments while building nodes. */
char * ident;

struct stree_node *ident_node;

struct stree_node *an_expr;

struct stree_node *if_expr;

struct stree_node *then_stnt;

struct stree_node *el se_stnt;

struct stree_node *do_stnt;

struct  stree_node *whil e_expr;

struct stree_node *until _expr;
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struct stree_node *slist;
struct stree_node *ret_tree;

if (DEBUG printf("stmt(): token = %s ->" , yytext);

switch (curr_token) {

case (T_IF):
[* stmt -> IF expr THEN stmt ELSE stmt */

if (DEBUG printf("IFtype\n" );
mat ch_t oken(T_I F);

if (DEBUG printf("IF\n" );
if_expr = expr();

mat ch_t oken( T_THEN) ;

if (DEBUG printf("THEN\N");
then_stnm = stnt();

mat ch_t oken(T_ELSE) ;

if (DEBUG printf("ELSE\n");

el se_stnt = stm();

ret_tree = makel Fnode(if_expr, then_stnt, else_stnt);

if (DEBUG printf(" -> end of stnmt()\n");
return (ret _tree);
break ;

case (T_WH LE):
/* stmt -> WHILE expr DO stmt */

if (DEBUG printf("WHILE type\n" );
mat ch_t oken( T_WHI LE) ;

whil e_expr = expr();

mat ch_t oken(T_DO);

do_stnmt = stnt();

ret _tree = makeWH LEnode(whil e _expr, do_stnt);

if (DEBUG printf("->endofstmt()\n" );
return (ret_tree);
break ;

case (T_DO:
/* stnt -> DO stnt UNTIL expr */

if (DEBUG printf("DO type\n");
mat ch_t oken(T_DO);

do_stnm = stnt();

mat ch_t oken(T_UNTIL);

until _expr = expr();

ret_tree = makeDOnode(do_stnt, until_expr);

if (DEBUG printf("->endofstmt()\n" );
return (ret _tree);
break ;

case (T_READ):
/* stmt -> READ ID */

if (DEBUG printf("READ type\n" );
mat ch_t oken( T_READ) ;
i dent _node = makel Dnode(yytext);

10



mat ch_t oken(T_I D);

ret _tree = nmakeREADnode(i dent node);

if (DEBUG printf(" -> end of stnt()\n");
return(ret_tree);

br eak;

I D):

/* stmt -> ID ASSIGN expr */

if (DEBUG printf("ID type\n" );

i dent _node = nakel Dnode(yytext);

mat ch_t oken(T_I D);

mat ch_t oken( T_ASSI GN) ;

an_expr = expr();

ret _tree = nmakeASSI GNnode(i dent _node, an_expr);
if (DEBUG printf("->end of stmt)\n" )

return (ret_tree);

break ;

PRI NT) :

/* stmt -> PRINT expr */

if (DEBUG printf("PRINT type\n");
mat ch_t oken( T_PRI NT) ;

ret ur n( makePRI NTnode(expr()));
br eak;

BEG N):
-> BEG N stntlist END */

if (DEBUG printf("BEGIN type\n" );
mat ch_t oken(T_BEG N) ;

slist = stntlist();

mat ch_t oken(T_END) ;

ret _tree = nmakeBEd Nnode(slist);

return (ret_tree);
break ;

/* we should never get here */

aslpars.c
case (T_
case (T_
case (T_
[* stnt
default

} /* switch */
} /* stmt() */

/* stmtlist() deals with the rule:

if (DEBUG printf("nota valid statement type\n" );
parse_error();
if (DEBUG printf("->endofstmt()\n" );

return((struct stree_node*)4);
/* 4 seens convenient (and used in |ab) */
/* prob a bad pointer val ue though! */

br eak;

Page 5 of 10



aslpars.c

stmtlist -> stmtlist stmt SEMICOLON
|

*

*

*

* by treating the rule as the rule:

*  stmtlist -> stmt SEMICOLON stmtlist
*

|
*
* epsilon (denoted by a NULL pointer) is generated when we get to an END

* token as END is the only element of stmtlist's follow set.
*

*/
struct stree_node * stmtlist () {

struct stree_node *a_stnt;
struct stree_node *rest |ist;

if (DEBUG printf("stntlist(): token = %\n", yytext);
if (curr_token !'= T _END) {

a_stnm = stnt();
mat ch_t oken(T_SEM COLON) ;
rest_list = stntlist();

if (DEBUG printf("->end of stmtlist()\n" );

return (makeSTMILI STnode(a_stnt, rest list));

} [ if */

if (DEBUG printf("->end of stmtlist()\n" );
return (0);  /* null pointer */

} [* stmtlist() */

/* The expr() function performs the recursion for the BNF rule:
*  expr ->expr addop term

* | term

*

* This is done via an equivalent EBNF rule:

*  expr->term { addop term }

*

*

* thanks to K.C. Louden's _Compiler_Construction_ (pp 146) for showing the
*BNF[a->abc|c]to be equivalent to the EBNF[a->c{bc}].
*

*
*/
struct stree_node * expr() {

/* pointers to nodes that get returned to us by other functions.

* we use these to build our node.
*/
struct stree_node *term expr;
struct stree_node *right;
struct stree_node *node;

i f (DEBUG printf("expr(): token = %s\n" , yytext);
termexpr = term);

/* so long as we still have an addop keep chaining terms together */
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while  (curr_token == T_ADD || curr_token == T_SUB) {

if (curr_token == T_ADD) {

mat ch_t oken( T_ADD) ;
right = term);

/* the first term to be added is 'term_expr'.
* the second term is 'right'.

*
node = nakeADDnode(term expr, right);
term expr = node;
}
else if (curr_token == T_SUB) {
mat ch_t oken( T_SUB) ;
right = term);
/* we are subtracting the second term ('right’)
* fromthe "termexpr’.
*/
node = nmakeSUBnode(term expr, right);
term expr = node;
}
el se parse_error(); /* we should never get here. this is
* overkill but lets make checking a habit.
*/
} /* while */
if (DEBUG printf("->endofexpr(\n" )

return (term.expr);

} /* expr() */

/* The addop() function performs the recursion for the BNF rule:
*  addop -> ADD
* | SUB

*

* This ammounts to just checking for syntax errors and eating up a token.
*
struct stree_node * addop() {

if (DEBUG printf("addop(): token = %s\n" , yytext);

if (curr_token == T_ADD) {
mat ch_t oken( T_ADD) ;

if (DEBUG printf(" -> end of addop()\n");
return(0);

}

else if (curr_token == T_SUB) {
mat ch_t oken( T_SUB) ;

if (DEBUG printf("->endofaddop()\n" );
return (0);
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else
parse_error();
if (DEBUG printf("->endofaddop()\n" )

return ( NULL) ;

/* The term() function perforns the recursion for the BNF rule:

*

*

*

*

*

*/

term-> termmul op factor
| factor

This is done via an equival ent EBNF rul e:

term-> factor { nulop factor }

struct stree_node * term() {

/* pointers to sub trees. */

struct stree_node *factor_expr;

struct stree_node *node;

struct stree_node *right;

if (DEBUG printf("term(): token = %s\n" , yytext);
factor_expr = factor();

while  (curr_token == T_MJL || curr_token == T_DV) {

if (curr_token == T_MJL) {
if (DEBUG printf("->MUL token\n" );

mat ch_t oken(T_MJL);
right = factor();

/* we are multipling ‘factor_expr' and 'right’. */
node = nmakeMJLnode(factor_expr, right);
factor _expr = node;
else if (curr_token == T _DV) {
if (DEBUG printf(" -> DV token\n");

mat ch_t oken(T_DI V) ;
right = factor();

/* we are dividing 'factor_expr’ by 'right’. */

node = nakeDl Vnode(factor_expr, right);
factor_expr = node;

}

el se parse_error(); /* we shouldn't be able to get here.
} /* while */
if (DEBUG printf("->endofterm()\n" )

return (factor_expr);

[* termP() */

/* The mulop() function performs the recursion for the BNF rule:

*

mulop -> MUL

*/

Page 8 of
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* | DV

*

* This amounts to just checking for syntax errors and eating up a token.
*/
struct stree_node * mulop() {

if (DEBUG printf("mulop(): token = %\n", yytext);

if (curr_token == T_MJL) {
mat ch_t oken(T_MJL);

if (DEBUG printf("->endofmulop()\n" );
return (0);

else if (curr_token == T_DV) {
mat ch_t oken(T_DI V) ;

if (DEBUG printf("->endof mulop()\n" );
return (0);

}

else
parse_error();

if (DEBUG printf(" -> end of mulop()\n");
return(NULL);

}
/* The factor() function perforns the recursion for the BNF rule:
* factor -> LPAR expr RPAR
* | ID
* [ NUM
* | SUB NUM
*
* by examining the first (ie current) token to split up the rule into
*

four smaller rules.

*

*/

struct stree_node * factor() {

/* pointers to sub tree structures */

struct stree_node *ret_tree;
struct stree_node *an_expr;

struct stree_node *ident_node;

/* temporary holders for node infromation */
char *ident;

char *num

if (DEBUG printf("factor(): token = %s\n" , yytext);
swi tch(curr_token) {

case (T_LPAR):
/* factor -> LPAR expr RPAR */

if (DEBUG printf("LPAR type\n");
mat ch_t oken( T_LPAR);

an_expr = expr();

mat ch_t oken(T_RPAR);

if (DEBUG printf("->end of factor()\n" )
return (an_expr);
break ;
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case (T_

/* factor ->

case (T_

/* factor ->

case (T_

/* factor ->

default

} /* switch */

} /* factor() */

I D):
ID */

if (DEBUG printf("ID type\n");

i dent _node = nmakel Dnode(yytext);
mat ch_t oken(T_I D);

if (DEBUG printf(" -> end of factor()\n");
return(ident_node);
br eak;

NUM) :
NUM */

if (DEBUG printf("NUM type\n" );

ret _tree = nmakeNUVhode(yytext);
mat ch_t oken( T_NUM ;

if (DEBUG printf("->end of factor()\n" )
return (ret_tree);
break ;

SUB) :
SUB NUM */

if (DEBUG printf("SUB type\n");
mat ch_t oken( T_SUB) ;

/* put a negation sign on the string */
num = (char*) malloc(strlen(yytext)+2);
sprintf(num "-9%", yytext);

mat ch_t oken( T_NUM ;

ret _tree = nmakeNUvhode(num;

free(num;

if (DEBUG printf("->end of factor()\n" );
return (ret_tree);

break ;

parse_error();
break ;
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Project: Linux Kernel: System Call Logging

Synopsis:

A kernel modification to allow the logging of signals sent from user processes. Which
signals are logged is configuraldy the root user via a new system call.

Details:

When a process sends a signal via the kill() system call the kernel first checks if the
signal number is one to be logged. If it should be logged then a debug message is sent
by the kernel syslogd can then store the message in a lodfile.

The root user can call a system call to enable or disable logging of a particular signal
number. The signals to be logged are stored in a 32 byte array where a value of zero
means the signal should not be logged.

Attached Files:

signal.c Core additions and changes to the kernel.
siglog.c Program to change which signals are logged.



signal.c

/* added by chad to find out where signals are coming from */
char logged_signals[32] ={
0x01, 0x01, 0x01, 0x01, 0x01,

0x01, 0x01, 0x01, 0x01, Ox01, /%10 */
0x01, 0x01, 0x01, 0x01, Ox01,

0x01, 0x01, 0x01, 0x01, Ox01, /%20 */
0x01, 0x01, 0x01, Ox01, 0x01,

0x01, 0x01, 0x01, 0x01, Ox01, /%30 */
0x01, 0x01 };

asmlinkage int
sys_siglog (int sig, i nt log)
{

/* only allow uid 0 to change what get’'s |ogged. */
i f (current->uid && current->euid) {
return(-1);
}
sig = sig & Ox1F;
i f (log) {
logged_signals[sig] = 0x01;
} else {
logged_signals[sig] = 0x00;
}
return (0);
/* end of chad 's additions */
asmlinkage int
sys kill  (int pid, int sig)
{
struct  siginfo info;
/* added by chad to find out where signals are coming from */
struct  task_struct *tsk_p;
i nt sig_num;
sig_num = sig;
sig_num = sig_num & Ox1F; /* mask to < 32 */
i f (logged_signals[sig_num]) {
tsk_p = find_task_by_pid(pid);
i f (tsk_p){
printk KERN_DEBUG "Sig: % frompid: % (%) to pid:
, sig, current->pid, current->comm, pid, tsk_p->comm);
}
else {
printk(KERN_DEBUG "Sig: %d from pid: %d (%s) to pid: %d\n"
sig, current->pid, current->comm, pid);
}

/* end of chad 's additions */

info.si_signo = sig;
info.si_errno = 0;
info.si_code = SI_USER,;

Page 1 of 2
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info.si_pid = current->pid;
info.si_uid = current->uid;

return  kill_something_info(sig, &info, pid);



siglog.c

/* chad ¢ d clark

* file: siglog.c

* project: sig2

* purpose: selectivly log signhals sent via kill(2).
* date: 26 may 2002

*

*/

#i ncl ude <stdi o. h>
#i ncl ude <signal . h>
#include <linux/unistd.h>

_syscall2 (int , siglog, int , sig, int , action);

int main(int argc, char **argv) {

i nt sig=0;

i nt action =0;

i nt retval = 9;

i f (argc!=3){

printf( "\'nusage:\t% sig_num action\n", argv[0]);

printf( "\tsig_num - the signal number\n" );

printf( "\taction - 1 for log it.\n" );

printf( "\t - 0 for don't.\n" );

printf( "\nsiglog2\n" );

printf( "chad clark < chad.clark @ alumni . ucalgary . ca >\n"
return -1;

sig = atoi(argv[1]);
action = atoi(argv[2]);

retval = (siglog(sig, action));

if (retval) {
printf( "\nUh-oh, no-go \n" );

return  (retval);
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Project: Whitelist Email Filter in Perl

Synopsis:

A system to deny any email who's Fraunidresss not found in a list of addresses we
accept mail from. Instead a rejection message containing instructions detailing how to
be added to the list is returned to the sender.

Details:

A MySQL database which contains two tables is used. One listis a list of all
addresses we accept mail from. The other table is a list of aliases that we will accept
mail to without checking who it is from. This second table was added because one
user wanted filtering but wanted an address which could be used-fime business
without inconveniencing her customers. This is also convenient for subscribing to
mailing lists.

There are two active components to this system. A perl script which is run when
email is beingeceivedand a PHP page which is used to add an address to the list we
accept from.

This system runs gmail which allows each user to require that emails being received
are processed but any user defined scripts. In this case the users who want filtering
have their mail set to be filtered by the attached perl script. The script checks to see if
the email is being sent to a special alias. If so it is automatically received. Otherwise
a check is done to see if the mail is from someone on the whitelist we accept from. If
the address is found in the list the message is accepted. If not a message directs the
sender to the PHP page to add their address.

The PHP page presents and processes a simple HTML form to allow someone to add
an email address to the whitelist. As soon as the address is submitted mail will be
accepted from it. It is also possible to add an entire domain to the list as was done
with our own domain so we didn't have to add every username.

Attached Files:

tpb-check-from.pl The perl script run as an email is being received.
add_from_address.php The PHP used to add a new address to the database.
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#!/usr/bin/perl

#

# file : tpb-check-from.pl

# date : 11 sep 2002

# purpose : to reject email from addresses not in a database for tpb.

# author : chad clark < chad.clark @ alumni . ucalgary . ca >

# changes :

1) 14 sept 2002: added a check for 'To’ address to be in an

aliases table for jenn so | can setup 'ebay@pb.net’ to be an

alias that forwards to "kitten' and 'kitten's copy of this script

won't reject the nmessages based on the original ’'From address.
- chad

HEHEHFEHHR

use strict;

use DBI gw(:sqgl_types);

use Data::Dumper;

my $debug = 0; # non zero for more prints.

# database globals #HHHHHHIHHHHHH
my $dsn="dbi:mysql:database=email:almanac" ;

ny $user="spam sel ect" ;
ny $passwd="censor ed_password" ;

# mai nN() #HHHHBHHHHBHH R R R R R R R

ny @message_in = <STDIN>;

my $dbh = DBI->connect($dsn, $user, $passwd, { RaiseError =>1, PrintError => 1, AutoCom
mit => 0 });

#$dbh->trace(1); # for debugging.

## check if the 'To' address is allowed.

my $to_addr = mail_get_to_addr(\@message_in);
chomp $to_addr;

$to_addr =" s/'/"/; # for the following SQL.
if($debug) { print "to addr: $to_addr \n"; }

my $domain=$to_addr;
$domain=~s/"@]*//g;

my $query = qq/
SELECT count(*) from ValidAliases_tpb
WHERE Alias="' $to_addr’
OR Alias=' $domain'
I
if($debug) { print "query: $query \n"; }

my $dbs = $dbh->prepare($query);
$dbs->execute();

# just count the number of lines returned.

my $count = $dbs->fetchrow_array();

if ($debug) { print "count of to addr in database: " . Dumper($count); }
$dbs->finish();

if ($count !=0) {
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# the "To’ addr is in the list so accept it.
i f($debug) { print "accepting To: $to_addr"; }

$dbh- >di sconnect () ;
exit(0);

## check that the ' From” address is allowed.

my $from_addr = mail_get from addr(\@message_in);
chomp $from_addr;

$Ffrom_addr = s/7/"/; # for the following SQL.
if($debug) { print " from addr: $from_addr \n";}

my $domain=%$from_addr;
$domain=~s/"@]*//g;

my $query = qq/
SELECT count(*) from ValidEmails_tpb
WHERE Email="$from_addr'
OR Email="$domain'
/,
if($debug) { print " query: $query \n";}

my $dbs = $dbh->prepare($query);
$dbs->execute();

# just count the number of lines returned.
my $count = $dbs->fetchrow_array();
if ($debug) { print " count of from addr in database: ".Dumper($count);}

$dbs->finish();
$dbh->disconnect();

if ($count == 0) {

# don't accept this email
chomp $from_addr;

print " \n\n";
prlnt " ************************************************************\n"-
prlnt " ************************************************************\n"-
print " * *\n";
print " * This message is being rejected because the email *\n";
print " * address: '$from.addr’ \n";
print "* is not In our database as an *\n";
print "* email address we accept mail from. To have yourself *\n";
print "* added to the list of acceptable addresses please visit *\n'
print " *  http://www.thepurplebuffalo.net/add from address.php *\n"";
print "™ *\n" ;
print "************************************************************\n" -
prlnt "************************************************************\n" -
print ~ "\n\n" ;
exit 100;
i f ($debug) { print "\n";}
exit (0);

# end of nuin() #HEHHHHHHHBHBHHHHHBHRHHHHH TG HHH TR

# subroutines #HHHHHHHHHH
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sub mail_get from addr() {
# returns the first "From:" address found in the email.

my $ref = $ _[0];
my @message_in = @$ref;

my $reply_to = "";

## find the user to reply too.
foreach nmy $line (@message_in) {

## loop untill we get the enmmil address to reply to.
next unless $line =~ /~From: /;

$reply_to = $line;

$reply_to =~ s/"~From: //;

# make:

# "Chad C. D. Clark" <clarkch@cpsc.ucalgary.ca>

# look like:

# clarkch@cpsc.ucalgary.ca
#$reply_to =~ /[0-9a-zA-Z._\-]+@[0-9a-zA-Z._\-]+/;
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$reply_to == s/~.*?([0-9a-zA-Z. \-]+@[0-9a-zA-Z. \-]+).*?$/$1/;

# trash emails with two "@ signs in them (not well
next if $reply to == n/.*@.*@.*/;

| ast ; # break out so that only the first "From’ line is used

}
if ($debug) { print  "$0: reply to: $reply_to" ; }

return ($reply_to);

sub mail _get to addr( {

# returns the first "From:" address found in the email.
# works just like mail_get_from_addr().

# these could (ie should) be merged into one function.

my $ref = $_[0];
ny @message_in = @$ref;

ny $reply to = :

## find the user to reply too.
foreach ny $line (@message_in) {

## loop untill we get the email address to reply to.

next unless $line =~ /~To: /;
$reply_to = $line;

$reply_to == s/"To: //;

# make:

# "Chad C. D. Clark" <clarkch@cpsc.ucalgary.ca>
# look like:

# clarkch@cpsc.ucalgary.ca
#%reply_to =~ /[0-9a-zA-Z._\-][+@[0-9a-zA-Z._\-]+/;

$reply_to == s/~.*?([0-9a-zA-Z. \-]+@[0-9a-zA-Z. \-]+).*?$/%$1/;

| ast ; # break out so that only the first "To:’” line is used
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if ($debug) { print  "$0: reply to: $reply_to" ; }

return ($reply_to);
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<?php

$debug =

$acti on

} else {
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0;
= $ GET['action'];
i f($debug) { print "action: $action <br>\n"; }
if($action == 'submit’) {
# we have to add the user to the database
$email = $ GET[' emil ' ];
i f($debug) { print "email: $emmil <br>\n"; }
$email = rtrin($email);
$dbh = nmysql _connect ("al manac", "spam.nsert", "censored_passwd");
nmysqgl _sel ect _db(’ email’);
$query = "I NSERT | GNORE | NTO Val i dEnmai | s_tpb (Email) VALUES(’ $enmil’)";
i f($debug) { print "query: $query <br>\n"; }
$result = nysqgl _query($query) or die(nysqgl _error());
i f($debug) { print "result: $result \n"; }
if($result == 1) {
?>
<ht m >
<head>
<title>TPB s acceptable email page.</title>
</ head>
<body>
Excel | ent! <br>
<tt><?php print $emnil; ?></tt> has been added.
Pl ease resend your enail mnmessage now.
</ body>
</htm >
<?php
}
# we have to get the user’s ennil address
?>
<htm >
<head>
<title>TPB s acceptable ennil page.</title>
</ head>
<body>
Pl ease enter your emmil address below and click the subnit
button and your address will be added to the list of
accept abl e enni|l addresses. <br><br>
<f orm net hod="GET" acti on="add_from address. php">
<i nput type="hidden" name="action" val ue="submt">
<i nput type="text" name="enumil" value="enter your email address here" siz

e="30">

<i nput type="submt" val ue="Add to the Database">
</forne
</ body>
</htm >
<?php
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?>



Project: Bingo Card\nalyzerin Scheme

Synopsis:

Given a list of numbers which have been called and a list of bingo cards with the set of
numbers on each card this program displays how many and which numbers remain to
be called on each card.

Details:

The input is itself a list in Scheme form. It contains a list of the numbers that have
been called and a number of card lists. The card lists contain the numbers on the card.
An example input is:

(
(“Numbers” 1 2 12 38)

(“Card_1” 3 4 8 12 13 27 32)
(“Card_2” 1 4 8 10 15 17 28)

)

Thereactuallyis no limit on the number of cards or on the size of the lists of numbers.
The program was not designed to be specific to a bingo game. In essence it simply
subtracts one set©s elements from several other sets.

Attached Files:

bingo.scm The source code in scheme.
script Example program run.
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; file: bingo.scm

; purpose: determine winning bingo cards given a list of numbers called
; and a list of numbers on each card.

; chad c d clark < chad.clark @ alumni . ucalgary . ca >

; date: 08 May 2003

; changes:

; - 12 may 2003 : Made more efficient by replacing list? calls with pair? .

; main() reads the input file from stdin and calls evaluate-cards() on it.
( define
main
( lanbda ()
(evaluate-cards (read))
))

eval uate-cards() deals with the details of preparing the input,
(define
evaluate-cards
( l'anmbda (Is)
; (display "eval uate-cards call ed\n")
( if (good-input? Is)
( begin
(analyze-cards
(cdr (car Is)) ; humbers
(cdr Is) ; card lines

#t
)
( begin
(display "The data file is not correctly formated.\n" )
(display "No analysis could be done.\n" )
#f

)
)))

; good-input?() returns #f if the input is not in the expected format,
; #t otherwise.
( define
good-input?
(1 anbda (Is)
; (di splay "good-input called\n")
( cond
((not (number-line? (car Is)))
(display "Invalid \"Nunmber\" [ist.\n")
#f)
((not (card-list? (cdr Is)))
(display "Invalid \"Card\" list.\n")
#f)
( else #t)
)))

; number-line?() returns #t if the list 'Is' is of the form:
; "Numbers" . <a list of numbers>
; otherwise #f is returned.
( define
number-line?
( lambda (Is)
;(display "number-line? called\n")
( cond
((null? Is) #f)
((not (pair? Is)) #f)

etc.
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((not (string? (car Is))) #f)

((not (string=" "Nurber s" (car Is))) #f)
((not (list-of-numbers? (cdr Is))) #f)
( el se #t)

)))

; card-list?() returns #t if each itemin the list "Is’ is a valid card list,
; #f is returned ot herw se.
( define
card-list?
( lambda (Is)
;(display "card-list? called\n")
( cond
((null? Is) #t)
((not (pair? Is)) #f)
((not (card-line? (car Is))) #f)
( else (card-list? (cdr Is)))

)))

; card-line?() returns #t if the list 'Is' is of the form:
<a string> . <a list of numbers>
; otherwise #f is returned.
( define
card-line?
( lambda (Is)
; (display "card-line? called\n")
( cond
((null? Is) #f)
((not (pair? Is)) #f)
((not (string? (car Is))) #f)
((not (list-of-numbers? (cdr Is))) #f)
( el se #t)

)))

; list-of -nunbers?() returns #t if the list 'Is’ is a proper list consisting
; entirely of nunbers.
( define
list-of-numbers?
( lambda (Is)
( cond
((null? Is) #t)
((not (pair? Is)) #f)
((not (number? (car Is))) #f)
( else (list-of-numbers? (cdr Is)))

)))

; the core of the program, analyze-cards() calls for a report of each cards
; remaining numbers to be displayed.
( define

analyze-cards

( lambda (nums cards)

cond
((null? cards) () ; all cards done :)
( el se
(card-report
(car (car cards)) ; card name
(set-less-set (cdr (car cards)) nums) ; nunbers on card that have
; not been called yet
(analyze-cards nums (cdr cards)) ; do next card

))))



bingo.scm Page 3 of 3

; set-less-elem() returns a list of all elements in the list 'set' except
; for the element 'elem’.
( define
set-less-elem
( lambda (setelem)
cond
((nulI? set) ()
((not (pair? set)) #f)
((= (car set) elem) (set-less-elem (cdr set) elem))
( else (cons (car set) (set-less-elem (cdr set) elem)))

)))

; set-less-set() returns a list of all elements in the list 's1' except
for the elements in the list 's2'.
(define
set-less-set
( l'anbda (s1s2)
( cond
((null? s2) s1)
((null? s1) ()
( el se
(set-less-set
(set-less-elem s1 (car s2))
(cdr s2)

)))))

; card-report() prints a sunmary of a card and it’s renmini ng nunbers.
( define

card-report

( lambda (card Is)

(display card)

(display "has" )

(display (length Is))

(display " numbers left: " )
(write Is)

(display "An" )

))

; i) call main() to start things going:
;  (display "Start of Analysis:\n")
; (main)

(display "End of Analysis:\n")

or ii) call with the input froma certain file:
; (with-input-fromfile "in-file" main)



script

Scheme Microcode Version 14.9
MIT Scheme running under GNU/Linux

Type "C' (control-C) followed by "H' to obtain information about interrupts.

Scheme saved on Monday June 17, 2002 at 10:03:44 PM
Release 7.7.1
Microcode 14.9
Runtime 15.1

1 ]=> (load "bingo.scm")

;Loading "bingo.scm" -- done
;Value: card-report

1 ]=> (main)

("Numbers" 10 30 46 57 67 68

8 18 27 34 37 66

10172744 4572)
("Card1" 25810 17 23 26 30 33 37 40 44 46 49 54 57 61 67 68 75)
("card2" 38 14 1518 23 26 27 33 34 37 40 46 49 52 60 61 66 67 75)
("Card3" 3514 1518 21 26 27 33 40 44 45 46 49 52 57 61 63 67 75)

)

Card1 has 10 numbers left: (2 523 26 33 40 49 54 61 75).

card2 has 12 numbers left: (3 14 15 23 26 33 40 49 52 60 61 75).
Card3 has 13 numbers left: (3 5 14 15 21 26 33 40 49 52 61 63 75).
;Value: #t

1]=>
End of input stream reached
Happy Happy Joy Joy.
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Project: A Generic Server in C

Synopsis:

This is a C program which handles the network connection process allowing any text
based application to be used as a concurrent server.

Details:

The C program as presented listens for a network connection. When a connection is
established the program forks a child to handle the connection. The child changes the
standard input, output and error channels to point to the network connection. The

child then executes a command specified when the server was started. The application
then runs and all of it©s standard input and output are redirected to/from the network.
In this way the application can be developed completely independantly from the
network code.

Attached Files:

genserv.c The server program.
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/* Chad C. D. Clark <chad.clark AT _alumni _DOT_ ucalgary DOT_ca >
*

* file: genserv.c

* purpose:

* A general purpose concurrent server. This program handles the network
* interface. Each request is serviced by accepting an optional password

* and then executing a specified program.

*

* $ld: genserv.c,v 1.4 2003/08/08 05:48:53 frink Exp $
*

* TODO: add a basic password authentiction.
*

*/

#include<stdio.h>
#include<string.h>

#i ncl ude<sys/types. h>
#i ncl ude<sys/ socket . h>
#i ncl ude<l i nux/in. h>
#i ncl ude<uni st d. h>

#i ncl ude<si gnal . h>

/****************************************************************************/

/* Debugging strategy comes from Alessandro Rubini's "Linux Device Drivers. */
* #define DEBUG_ON */

#undef PDEBUG

#ifdef DEBUG_ON

#define PDEBUGfnNnt, args...) printf (fmt, ## args)

#else
#define PDEBUE fnt, args...) /* do nothing */

#endi f /1 #define DEBUG ON

/ *% * *% *% *% *% * *% *% *% *% * *% *% *% /

int main(int argc, char **argv) {

int port_num = 12321; /l port to listen to

int sockf d; /I listening file descriptor

i nt reqfd; /1l request file descriptor

i nt sockl en; /1l size of sockadd_ in struct
struct sockaddr_in servaddr;

i nt one = 1;

char msg[] = "Hifrom server land!\n" ;

char *exec_cnd; /I program to be executed.

int MAX_ARGS = 64; /I max args possible.

char *exec_ar gs[ MAX_ARGS] ; /I array of arguments to execvp()
int i =0; /1 loop variable

if (argc < 3) {

printf("usage:\n");

printf("\t % port_num program nane args\n", argv[O0]);
printf("where:\n");

printf(" \"port_num™ is a valid TCP port nunber.\n");
printf (" \"program_name\" is a program to be run when a " );
print f ("client connects.\n" );

printf (" \"args\"is an optional list of arguments to " )
print f ("the program to be executed.\n" );

print f ("\neg: %s 12345 /usr/bin/uptime \n" );
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printf (" will listen on port 12345 and print the uptime " );
printf("string then exit.\n");
printf("\neg: % 12345 /usr/bin/uptine -Wn");
printf(" will listen on port 12345 and print the uptine ");
printf("version then exit.\n");
exit(-1);

}

port _num = atoi (argv[1]);

exec_cmd = argv|[2];

for(i =0; i < argc; i++) {
exec_args[i] = argv[i+2];

}

exec_args[argc + 2] = O;

printf("\n%: Using port %.\n", argv[O], port_nunj;

print f ("%s: Will execute: " , argv[O0]);
i = 0;
while (exec_args[i] !'= 0) {
printf("%s" , exec_args[i]);
i ++;

}

printf("n" );

if ( (sockfd = socket (AF_I NET, SOCK_STREAM 0)) < 0) {
print f ("\n%s: fatal error calling socket()\n" , argv[0]);
exit(-2);

}

set sockopt (sockfd, SO.L_SOCKET, 0, &one, sizeof (one));

bzero(&servaddr, sizeof (servaddr));

servaddr.sin_fam |y = AF_I NET;

servaddr.sin_port = htons(port_nunj;

sockl en = sizeof (servaddr);

i f( (bind(sockfd, (struct sockaddr *) &servaddr, socklen)) < 0) {

printf("\n%: fatal error calling bind()\n", argv[O0]);

exit(-3);
}

PDEBUG "\ n%s: bound\n", argv[0]);
if((listen(sockfd, 5)) < 0) {
printf("\n%: fatal error calling listen()\n", argv[0]);

exit(-4);
}

PDEBUG( "\n%s: listening\n" , argv[O0]);

/* 1 don't care about when the children exit and don't want

* zombies building up so ignore sig_child.

*

if (signal (SIGCHLD, SIGIGN) == SIG ERR) {

print f ("\n%s: Unable to ignore SIGCHLD. " , argv[0]);
pri nt f ("Still running but zombies could overrun the system!\n" );

}

while ( (regfd = (accept (sockfd,
(struct sockaddr *) &servaddr,
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return (0);

&sockl en))

) >=0) {
PDEBUG "\ n%s: request arrived (fd=%)\n", argv[O0], reqgfd);

if( fork() == 0) {

/1 we're in the child process

/1 the child doesn’'t keep listening to the network.
cl ose(sockfd);

/1 nove the network file desc to stdin/out/err
dup2(reqfd, 0);
dup2(reqfd, 1);
dup2(reqgfd, 2);

/I serve the request.
PDEBUGE "%s\n" , exec_cnd);

if ( execvp(exec_cnd, exec_args) ) {
printf ("%s: ERROR running %s\n" ,
argv[ 0],
exec_cmd

pér ror(0);
}
/l should never get here.

cl ose(reqfd);
exit(0);

/I still the parent proccess, keep listening to the net.

/I the parent doesn't serve the request
cl ose(reqfd);
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